Introduction
As is well-known, the electro-weak penguin decays b → sℓ + ℓ − appear only at the one-loop level in the Standard Model (SM), and are therefore very sensitive to possible new physics (NP)
beyond the SM. Among many inclusive and exclusive processes based on the quark level b → sℓ + ℓ − transition, the exclusive B → K * ℓ + ℓ − decays are of particular interest in this respect, as many observables in these decays, such as the branching ratio, the longitudinal polarization fraction, the forward-backward asymmetry A F B , and the isospin asymmetry, could be used to test the SM and to probe possible NP.
In the literature, the exclusive B → K * ℓ + ℓ − decays have been investigated in great detail by many authors, both in the SM and within various NP models [1, 2, 3, 4, 5, 6] . Among these observables of B → K * ℓ + ℓ − , the A F B is particularly useful. As discussed in Refs. [2, 3, 4] , the zero of A F B is largely free from hadronic uncertainties in the SM and hence could be a powerful probe for various NP models. Recently this observable has been measured as a function of the dilepton invariant mass square q 2 = M 2 ll , by both BaBar [7, 8] and Belle [9, 10] collaborations. Their fitted A F B spectrum is generally higher than the SM expectation in all q 2 bins. Especially, the recent measurement from Belle collaboration [10] shows 
favoring a positive value, whereas the sign of the SM prediction for A F B (B → K * ℓ + ℓ − ) ∼ −0.1 at 0GeV 2 q 2 2GeV 2 is negative. Such a large discrepancy is hard to be moderated within the SM. Furthermore, the measurements prefer positive values for A F B (B → K * ℓ + ℓ − ) in the whole q 2 region, indicating that there might be no zero crossing, which is apparently contrary to the SM prediction [2, 3, 4] .
The measurements have motivated many recent investigations on the possible mismatch [11, 12, 13] . In this paper, we revisit this decay mode within a family non-universal Z ′ model [14] , which could be naturally derived in certain string constructions, E 6 models and so on. In our previous paper [15] 
The SM prediction
Neglecting the doubly Cabibbo-suppressed contributions, the effective Hamiltonian governing b → sℓ + ℓ − transition is given by [5, 16] 
where explicit expressions of O i could be found in Ref. [5] , and the Wilson coefficients C i can be calculated perturbatively [3, 17, 18, 19] , with the numerical results listed in Table 1 . The effective coefficients C eff 7,9,10 in Table 1 are defined respectively as [20] 
where Y (q 2 ) denotes the matrix element of four-quark operators and is known from the literature [4, 5, 21, 22] . We have neglected the long-distance contribution mainly due to J/Ψ and
− , which could be vetoed experimentally [8, 10] .
For recent detailed discussion of such resonance effects, we refer to Ref. [23] .
Although there are quite a lot of interesting observables in B → K ( * ) ℓ + ℓ − decay, in this paper we shall focus only on the dilepton invariant mass spectrum and the forward-backward asymmetry.
Adopting the same convention and notation as [4] , the dilepton invariant mass spectrum for B → K ( * ) ℓ + ℓ − decay is given respectively as [4, 24] dΓ
Here the auxiliary functions A (′) , ..., with the explicit expressions given in [4] , are combinations of the effective Wilson coefficients Eq. (3) and the B → K ( * ) transition form factors, which are calculated with light-cone QCD sum rule approach in Ref. [25] .
The differential forward-backward asymmetry for B → K * ℓ + ℓ − decay is defined as [4] dA
It is noted that, although C eff 10 is real in the SM, it could become complex after including the Z ′ contributions. Note that the A F B for B → Kℓ + ℓ − decay vanish both in the SM and within the Z ′ model considered in the present paper, since neither further operators nor higher-order corrections are included in our discussion [4, 26] . From the experimental point of view, the normalized forward-backward asymmetry is more useful, which is defined as [4] dĀ 
which could also be reformulated as
with
where B L sb and B
L,R ll
denote the effective chiral Z ′ couplings to quarks and leptons.
With the above expressions, the Z ′ contributions can be represented as modifications of the Wilson coefficient of the corresponding semileptonic operators, i.e., C
The running from M W scale down to m b is the same as the SM ones [5, 16] . Numerically, with the central value of the inputs, we get
To include Z ′ effects, one just needs to make the replacements
in the formalisms relevant to B → K ( * ) ℓ + ℓ − listed in section 2. With the formulae collected above, we shall proceed to present our numerical analyses and discussions in the next section.
Numerical analyses and discussions
The considered Z ′ contributions to B → Kµ Table 2 and redisplayed in Fig. 1 (pink region). The two solutions S1 and S2 for |B L sb | and φ L s correspond to the two fitted results for the new physics parameter φ Bs performed by the UTfit collaboration [28] .
It is natural to question whether the constrained parameter space could account for the A F B measured recently by the Belle collaboration [10] .
The A F B (s) spectrum for B → K * µ + µ − decay measured by Belle collaboration tends to be shifted toward the positive side in all six q 2 bins, indicating that there might be no zero crossing. However, a zero crossing in A F B (s), whose position is well-determined and free from hadronic uncertainties at the leading order in α s , is well predicted in the SM [2, 3, 4] . Especially in the bin 0GeV 2 < q 2 2GeV 2 , the sign of the SM prediction is negative, being different from the experimental measurement, which favors a positive value on the other hand.
Comparing the two terms in the square bracket in Eq. (6), one can see that, at low q 2 region the first term Re(C 9 eff C eff 10 * ) is suppressed by one power of q 2 /m 2 b relative to the second one, and
is therefore dominated by the second term Re(C 7 eff C eff 10 * ). Thus, at low q 
where the fact that both C eff 9 and C eff 10 are real in the SM has been used in the second line. ) is indeed maintained to be negative. It is interesting to note that the allowed parameter space in Table 2 constrained by B → X s µ + µ − and B s → µ + µ − decays [15] satisfy the relations, B 
2 , leaving the other observables for B → K ( * ) µ + µ − decays as our predictions within such a Z ′ model.
For consistence, we take the same simplifications for the family non-universal Z ′ couplings as
Ref. [15] . Our fit is performed with the experimental data on Table 2 , and the corresponding allowed regions are shown in Fig. 1 (green region) . As illustrated in Fig. 1 , 
2 . Numerically we also find that B With the constrained Z ′ couplings and taking q 2 = 1GeV 2 , we show in Fig. 2 the dependence With the preferred choice |B
and the central values of the other inputs, we get
in scenario S1 (S2). Compared with the SM prediction ∼ −0.10, this observable could be enhanced about 80% (50%) by the Z ′ contribution, implying that the scenario S1 with φ Bs = −20.3 • ± 5.3
• fitted by UTfit collaboration [28] is favored by these decays. However, since B → X s µ + µ − decay has already put strong constraint on the strength of the Z ′ couplings, the
2 is still negative in S1 (S2), being 1.5 (1.6)σ lower than the data 0.47
+0.26
−0.32 [10] . Such a situation could also be seen from Fig. 3 , where the effects of
With the bounded Z ′ couplings listed in Table 2 , our predictions for
and A F B (B → K * µ + µ − ), both within the SM and in the Z ′ model, are given in Tables 3   and 4 . We find that most of the observables agree with the experimental data within errors.
However, beside the discrepancy of A F B (B → K * µ + µ − ) in the low q 2 bin, a similar problem is also observed in the high q 2 bin (q 2 16GeV 2 ). Within the allowed parameter space shown in Fig. 1 , the discrepancy for
2 between the SM prediction and the experimental data is still difficult to be reconciled. In fact, if the Z ′ correction could not
give a significant contribution after totally counteracting the SM contributions, the A F B (B → K * µ + µ − ) problems in both the low and the high q 2 bins will persist within such a family to the following demands:
From Eqs. (11) and (12), and with the values of |B L sb | and φ L s listed in Table 2 , we get
Taking B L µµ = −0.3 and B R µµ = 0.01 in both S1 and S2, which satisfy Eq. (17) and are similar to the results given by Ref. [11] , as shown in Fig. 3 (c) A F B (B → K * µ + µ − ) could be significantly enhanced to the experimental level. Unfortunately, such a region given by Eq. (17) is excluded by the constraint from B → X s µ + µ − decay.
Conclusion
In conclusion, motivated by the large discrepancy for 
2 between the SM prediction and experimental data. Thus, scenario S1 is preferable to S2.
2 puts a strong constraint on the Z ′ couplings, B L,R µµ . Including the constraints from B → X s µ + µ − decay and
• Due to the severe constraints from B → X s µ + µ − on the strength of the Z ′ contribution, the A F B (B → K * µ + µ − ) problems in both low and high q 2 regions still persist. After including the Z ′ contribution, compared to the SM prediction, A F B (B →
2 could be enhanced by an amount of about 80% (50%), which is still about 1.5σ (1.6σ) lower than the experimental data in S1 (S2).
Within such a family non-universal Z ′ model, although involving the same Z ′ −sb coupling, these different processes also depend on different diagonal Z ′ couplings. For example, B → the Kπ puzzle and/or the A F B at low dilepton mass become SM-like, it will only give more severe constraints on the diagonal lepton and quark couplings. To further constrain the model parameter spaces, it is therefore necessary to combine all of these processes at the same time and perform a global analysis, which is however beyond the scope of this paper but will be addressed in a forthcoming publication. With the upcoming LHC-b and proposed super-B experiments, the data on these processes is expected to be more precise [31] , which will then severely shrink or totally excluded the model.
Note added: During our work on the way, we note that a recent paper [11] also pursues possible solutions within a family non-universal Z ′ model. In order to enhance the Z ′ contribution to the real part of C 
with ρ = ρ (1− ). The values given in the brackets are the CKM parameters in presence of generic NP, and are used in our calculation when the Z ′ contributions are included.
As for the quark masses, we take [33, 34] 
with f + (0) = f 0 (0), 
For the form factors A 2 ,T 3 , f + and f T , it is more appropriate to expand to the second order around the pole, yielding [25] .
